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© Laser diode and muitibeam optical head using the laser diode. 

© A laser diode is constructed with a plurality of 
independently drivable light emitting elements set in 
a linear arrangement at varying intervals there- 
between. Also, a muitibeam optical head is provided 
with the laser diode and an image forming optical 7 - 
system fprming images on an optical writing media 
with a plurality of beams from the laser diode in 
such a manner that a plurality of beam spots are 
arranged linearly at a prescribed angle to the radial 

■direction of the media and intervals therebetween 

*vary. 
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LASER QIOOE AND MULTIBEAM OPTICAL HEAD USING THE LASER DIODE 



BACKGROUND OF THE INVENTION 



The present invention relates to a laser diode 
and a multibeam optical head using the the laser 
diode as used in an optical writing and reading 
system which optically performs writing, reading, 
erasure, and so forth of information by irradiating 
the convergent rays from a light source onto optical 
vriting media. 

Along with the development of information pro- 
cessing systems in the recent years, it has been 
strongly desired that a high transfer data rate will 
be attained, in addition to the realization of a large 
capacity in the past, in optical writing and reading 
systems, so that the writing and reading of informa- 
tion may be accomplished thereby. Various efforts 
have been made towards this goal (as observed in 
4p-ZD-i, 4p-Z02, etc. read at Extended Abstracts 
(The 49th Autum Meeting. 1989); The Japan Soci- 
ety of Applied Physics). In this regard, it has been 
proposed the adoption of multibeam in an optical 
head, which consists in using a plural number of 
writing and reading converging spots in an optical 
head, as a means of achieving a high transfer data 
rate just mentioned. 

An example of this type of multibeam optical 
head as proposed in the past is. for example, 
disclosed in Japanese Patent Laid Open No. 
117744/1986. As shown in Fig. 14. the optical head 
is so constructed as to include a laser diode array 
100. in which many laser diodes independently 
controllable for their light emission are arranged 
linearly and at equal intervals to form a unified 
structure, a condenser lens 101, which converts the 
rays output from the laser diode array 100 into 
*■ parallel collimated rays, an object lens 102, which 

converges the parallel rays mentioned above into 
minute spots, a polarizing beam splitter 103, which 
separates the incident rays and the reflected rays, 
and a plurality of beam splitting and detecting 
means 104. which detects signals by splitting the 
reflected rays from a plurality of beam spots, a 
photo-detector 105. which detects the position of 
one track, and a pair of focusing error detecting 
systems 106. 

With this construction, it is made possible to 
perform the writing or reading of information on a 
plural number of tracks 1 1 1 at the same time, by 
irradiating a plurality of beam spots 107 through 
109 (three spots in the example shown in Fig. 15) 
onto a plural number of tracks 111 on an optical 
disk 1 10 at the same time. 

Now, in the case of the multibeam optical head 
mentioned above, if an attempt were made to ar- 



range a plurality of beam spots 107 through 109 
linearly at equal intervals along a line in the radial 
direction A of the optical disk 110, it would be 
necessary to set the spacing of the plurality of 

5 laser diodes arranged in the laser diode array very 
narrow, in consequence of such factors as the 
magnification of the optical system, so that it would 
virtually be impossible to manufacture the laser 
diode array 100. Therefore, as shown in Fig. 17. a 

io plurality of beam spots 112 through 120 arranged 
in a straight line are set at a slant by a prescribed 
angle 0 in relation to the radial direction A of the 
optical disk 1 10. so that the intervals of the plurality 
of laser diodes arranged in the laser diode array 

is 100 may thereby be set at a value feasible to the 
actual manufacture of the array. 

However, the prior art described above has 
such problems as those mentioned below. That is 
to say, the multibeam optical head described 

20 above is designed to arrange a plurality of beam 
spots 1 12 through 120 linearly at equal intervals, as 
shown Fig. 17. Therefore, if the many beam spots 
1 12 through 120 were arranged in such a way as to 
be set at a slant at the angle e in relation to the 

25 radial direction A of the optical disk 1 10. as shown 
in Rg. 17. it would not be possible to position all of 
the plurality of beam spots 112 through 120 over 
the tracks 111 corresponding to these since the 
tracks 111 of the optical disk 110 are formed in a 

30 circular arc having a prescribed radius of curvature, 
with the result that the beam spots on both ends 
would be positioned off the tracks 111. Conse- 
quently, it would not be possible to have all the 
beam spots perform the tracking of their respective 

35 tracks 111 at the same time and with accuracy 
even if tracking servo were applied to them, and 
this constitutes a problem in that the writing or 
reading of information could not be performed on a 
plurality of tracks 111 at the same time. 

40 

SUMMARY OF THE INVENTION 



45 Therefore, the present invention has been 
made in order to overcome the above-mentioned 
problem of the prior art. An object of this invention 
is to provide a laser diode capable of tracking all 
the laser beams on all the individual tracks and 

so performing the writing or reading of information on 
a plurality of tracks at the same time and a mul- 
tibeam optical head using the laser diode, which 
performs writing or reading or the like at the same 
time, using a plurality of laser beams. 

That is to say. the laser diode according to the 
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present invention is a laser diode for a multibeam 
optical head composed of a plurality of indepen- 
dently drivable light emitting diodes arranged in a 
straight line, wherein the plurality of light emitting 
spots are arranged at varying intervals. 

Moreover, the multibeam optical head accord- 
ing to the present invention is so constructed that it 
is provided with a laser diode wherein a plurality of 
independently drivable light emitting elements are 
arranged at varying intervals on a straight line and 
an image forming optical system which forms im- 
ages by directing a plurality of beams from the 
laser diode mentioned above onto the optical writ- 
ing media in such a way that a plurality of beam 
spots are arranged linearly at a prescribed angle to 
the radial direction of the writing media and that the 
intervals therebetween vary. 

As regards the manner of forming the images 
of the beam spots, one spot is positioned on the 
axis for the transit of the optical head in the radial 
direction of the optical writing media while the 
remaining spots are positioned in equal numbers 
on both sides of the transit axis, for the formation 
of images, in case the number of the beam spots is 
an odd number, for example. 

Also, in case the number of the beam spots 
mentioned above is an even number, the images 
are formed by positioning the beam spots in equal 
numbers on both sides of the transit axis, for 
example, in relation to the axis of the transit of the 
optical head in the radial direction of the optical 
writing media. 

However, the manner of image formation with 
the beam spots mentioned above is not limited to 
the image forming manners just described, but it is, 
of course, feasible to have the image formed with 
one beam spot positioned on the axis of transit for 
the optical head .in the radial direction of the optical 
writing media and with the other beam spots being 
positioned on either one side of the axis of transit 
for the optical head. 

Moreover, for. the error detection for tracking 
servo, it is desirable to obtain a basis therefor, for 
example, from the reflected rays of the spot posi- 
tioned on the axis for the transit of the optical head 
in the radial direction of the optical writing media, 
in case the number of beam spots is an odd 
number, but from the reflected rays of the spot 
nearest to the axis for the transit of the optical head 
in the radial direction of the optical writing media in 
case the number of the beam spots is an even 
number. 

Furthermore, in order to separate the beam 
spot for the performance of the error detection for 
tracking servo out of a plurality of beam spots, a 
pin hole, for example, is used. 

In the laser diode according to this invention, a 
plurality of light emitting elements are arranged in 



a straight line with their intervals varied, and it is 
therefore possible to irradiate all the laser beams 
emitted from a plurality of light emitting elements 
on the tracks of all the optical writing media by 
s arranging a plurality of light emitting elements with 
a variation by the prescribed amount, depending 
on the curvature of the tracks, even in case it is 
designed to irradiate the laser beams emitted from 
a plurality of light emitting elements over the tracks 

w at the same time. 

Moreover, the multibeam optical head accord- 
ing to this invention is constructed in such a way 
as to be provided with a laser diode wru em a 
plurality of independently drivable light emitting 

is elements are arranged at varying intervals in a 
straight line and with an image forming optical 
system which forms images by directing a plurality 
of beams from the laser diode mentioned above to 
the optical writing media in such a way as to 

20 arrange a plurality of beam spots linearly at a 
prescribed angle to the radial direction of the op- 
tical writing media and to vary the intervals there- 
between, and the multibeam optical head is there* , 
fore capable of forming the images by focusing all " 

25 of the plurality of laser beams emitted from the 
laser diode on the tracks on the optical writing 
media at the same time even in case ail of the 
plurality of laser beams are irradiated at the same 
time to form the images arranged linearly at a 

30 prescribed angle to the radial direction of the op- 
tical writing media. 



BRIEF DESCRIPTION OF THE DRAWINGS 

35 " 

Fig. 1 is a schematic construction view illus- 
trating one embodiment in an optical writing and 
reading system to which a multibeam optical head 
40 according to this invention is applied; 

Fig. 2 and Fig. 3 are respectively a construc- 
tion view and perspective view of the optical writing 
and reading system; 

Fig. 4 is a circuit diagram showing the de- 
45 tecting section for the tracking error signal; 

Fig. 5 is a perspective view showing the 
principle of the detection of the focusing error 
signal; 

Fig. 6 is a circuit diagram showing the de* 
50 tecting section for the focusing error signal; 

Figs. 7 (a). 7(b) and 7(c) are perspective 
views respectively showing the detecting oper- 
ations for the focusing error signal; 

Fig. 8 is a perspective view showing the 
55 laser diode; 

Fig. 9 is a plane view showing the state of 
image formation with the multibeam; 

Fig. 10 is an explanatory view illustrating the 
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method of setting the intervals of the multibeams; 

Fig. 11 is a plane view showing the state of 
image formation with this multibeam in illustration 
of another embodiment of this invention; 

Fig. 12 is a perspective view showing the 
laser diode; 

Fig. 13 is an explanatory view showing a 
method of setting the intervals of the multibeam; 

Fig. 14 is a perspective view showing a 
conventional multibeam optical head; 

Fig. 15 is a plane view illustrating the beam 
formed with the multibeam optical head shown in 
Fig. 14; 

Fig. 16 is an explanatory view showing one 
manner of image formation with the multibeams; 
and 

Fig. 17 is an explanatory chart showing an- 
other manner of image formation with the mul- 
tibeams. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Preferred embodiments of the present inven- 
tion will now be described with reference to the 
accompanying drawings. 

Fig. 2 and Fig. 3 illustrate an optical writing and 
reading system to which a laser diode and a mul- 
tibeam optical head both according to the present 
invention are applied. 

This optical writing and reading system 1 is 
comprised of a laser diode 2, which is composed 
of a plurality of independently drivable light emit- 
ting elements arranged in a straight line, a collima- 
tor lens 3, which converts into parallel rays a plural- 
ity of the laser beams LBi through LB? (seven 
pieces in the Figures) having an elliptical sectional 
shape as emitted from the laser diode 2. a beam 
shaping prism 4. which conditions into circular sec- 
tional shape the laser beams LBi through LB7 as 
thus converted into parallel rays by the collimator 
lens 3. a polarizing beam splitter 5, which sepa- 
rates these shaped laser beams LBi through LB7 
between the rays irradiated to an optical disk 8 to 
be mentioned later and the rays reflected from the 
optical disk 8, a one-quarter wavelength plate 6, 
which converts the linear deflected rays and the 
circular deflected rays reciprocally from one into 
the other, an object lens 7, which converges and 
irradiates the laser beams LBi through LB; having 
passed through the one-quarter wavelength plate 6 
onto the optical disk 8, the optical disk 8 as the 
optical writing media onto which the laser beams 
LBi through LB7 converged by the object lens 7 
are irradiated, a beam splitter 9. which further split 
into two parts the reflected laser beams LBi 
through LB7 as separated by the polarizing beam 



splitter 5 mentioned above, a condenser lens 10. 
which collects one part of the laser beams LBi 
through LB7 as split by the beam splitter 9. seven 
units of photodetector elements 11i through 11 7. 

5 which receive the part of the laser beams LBi 
through LB7 as collected by the condenser lens 10. 
a condenser lens 12. which collects the other part 
of the laser beams LBi through LB7 as split by the 
beam splitter 9 mentioned above, a pinhole 13, 

10 which permits the passage of only the middle laser 
beam LB* among the laser beams LBi through 
LB7 collected by the condenser lens 12, a con- 
denser lens 14 and a cylindrical lens 15. which 
detect the focusing error signal by applying the 

is astigmatic method to the laser beam LB* as taken 
out through the pinhole 13, and a photo-detector 
element 16. which receives the beam processed 
for image formation with the condenser lens 14 and 
the cylindrical lens 1 5. 

20 Also, the optica) disk 8 mentioned above has 
the tracks 17 and 17 ... for their writing of informa- 
tion with a prescribed radius of curvature and a 
prescribed pitch p in the form of concentric circles, 
as shown in Fig. 3. 

25 Then, in the optical writing and reading system 
described above, a plurality of laser beams LBi 
through LB7 which are emitted in an elliptical 
shape from the laser diode 2 are converted into 
parallel rays with the collimator lens 3 and there- 
to after shaped into circular beams by means of the 
beam shaping prism 4. as shown in Fig. 2. After 
that, these laser beams LBi through LB 7 pass 
through the polarizing beam splitter 5 and the one- 
quarter wavelength plate 6. narrowed down with the 

35 object lens 7 and irradiated on the tracks 17, and 
17 ... on the optical disk 8. 

The rays reflected from the tracks 17 and 17 ... 
of the optical disk 8 mentioned above are fed back 
by the same route as what is mentioned above. 

40 and the rays are reflected by the polarizing beam 
splitter 5 and at the same time split by the beam 
splitter 9 for their transit in two directions. The laser 
beams LBi through LB 7 in one stream are applied 
by means of the condenser lens 10 onto the seven 

45 photo-detector elements 11i through 117 to form 
images, and the image information recorded in a 
plurality of tracks 17 and 17 ... is read at the same 
time by the photo-detector elements 11 1 through 
11 7. As shown in Fig. 4, the individual photo- 

so detector elements 1 1 1 through 1 1 7 are connected 
with differential amplifiers, and image information is 
obtained as output signals 50i through 5O7 from 
the individual differential amplifiers. 

Now, the laser beams LBi through LB 7 forming 

55 the other stream as split by the beam splitter 9 
mentioned above are condensed with a condenser 
lens 12. and thereafter only the middle laser beam 
LB* passes through the pinhole 13 and is applied 
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to form its image opto the photo-detector element 
16 by way of the condenser lens 14 and the 
cylindrical lens 15. Thus, a tracking error signal is 
obtained, and also a focusing error signal is ob- 
tained by the astigmatic process. 

The tracking error signal mentioned above is 
obtained in the manner described below. The 
photo-detector element 16 is composed of mutually 
adjacent photo-detector elements 16a and 16b and 
adjacent photo receptor elements 16c and I6d, 
which are connected respectively with the adding 
amplifiers 54 and 55, and these adding amplifiers 
54 and 55 are connected with the differential am- 
plifier 56, and a tracking error signal is obtained 
from this differential amplifier 56. 

Also, the astigmatic process mentioned above, 
as already known, is constructed so as to obtain a 
focusing error signal through utilization of the fea- 
ture that a circular beam is obtained in an approxi- 
mately midway position in the in-focus state, as 
shown in Fig. 5. by varying the focus in the x-axis 
direction and that in the y-axis direction of the laser 
beam by means of the cylindrical lens 15. The 
quadrant photo receptor etement 16 is provided 
with the photo-detector elements 16a and 16c and 
the photo-detector elements 16b and 16d posi- 
tioned on diagonal lines, and these photo receptor 
elements are connected respectively with the add- 
ing amplifiers 51 and 52, which in its turn are 
connected to the differential amplifier 53, as shown 
in Fig. 6. 

Now. the output from the differential amplifier 
becomes zero in the in-focus state as shown in Fig. 
7 (a) whereas the output from the differential am- 
plifier 53 becomes either + or as shown in Rgs. 
7 (b) and 7(c). and a focusing error signal is 
thereby obtained. 

In this regard, the laser diode in accordance 
with the embodiment is constructed with a plurality 
of light emitting elements mentioned above being 
arranged in a straight line at varying intervals. That 
is to say, the laser, diode 2 is provided, as shown in 
Fig. 1, with a plurality of laser diode elements 18i 
through 187 arranged in one block in a straight line 
in such a way that the intervals Xi through Xe of 
the individual laser diode elements increase pro- 
gressively (i.e. Xi < X2 ... < Xt). 

The principal part of the laser diode 2 men- 
tioned above, as shown in Fig. 8, is composed of a 
p-GaAs substrate 19, an n-GaAs layer 20 formed 
on the substrate 19 and forming a current constrict- 
ing layer, a p-Gai.„ AixAs layer 21 formed on the n- 
GaAs layer 20 and forming a clad layer, a p-Ga,. 
y AlyAs layer 22 forming an active layer formed on 
the p-Ga t . x AlxAs layer 21. a p-Ga^xAlxAs layer 23 
forming a clad layer formed on the p-Ga t . yAlyAs 
layer 22. and an n-GaAs layer 24 forming a gap 
layer formed on the p-Ga^AUAs layer 23. A p-side 



electrode 25 is formed over the entire area on the 
back side of the p-GaAs substrate, and. on the 
other hand, a plurality of n-side electrodes 26 
through 32 are formed on the n-GaAs layer 24 

5 mentioned above. Also, on the n-GaAs layer 20. 
which forms the current constricting layer men- 
tioned above, are provided V-shaped grooves 33 
through 39 formed by the mesa-etching process or 
the like, and laser diode elements 181 through 187 

to are formed with the individual V-shaped grooves 33 
through 39. 

And. in an active area of the individual laser 
elements I81 through 18?. an electric current is 
injected from the direction indicated by the arrow 

75 into the inside region of the current constricting 
layer, n-GaAs layer 20. which has a polarity re- 
verse to that of the substrate 19. through the V- 
shaped grooves 33 through 39 by applying a driv- 
ing voltage independently between the p-side' elec- 

20 trode 25 and the n-side electrode 26 through 32 
mentioned above. Then, laser oscillation takes 
place in the p- Ga^yAlyAs layer 22. which is the 
active layer, and a plurality of laser beams LB1 ^ 
through LB7 each having an elliptical shape are 

25 obtained from the individual laser diode elements . 
18i through I87. These laser beams LBt through 
LB7 are emitted at intervals equal to the intervals 
Xi through X* of the laser diode elements 18r 
through 187. 

30 Moreover, the multibeam optical head accord- 

ing to this embodiment is provided with a laser 
diode constructed as described above and an im- 
age forming optical system which directs the plural 
number of beams from the above-mentioned laser 

35 diode onto the optical writing media in such a way 
that a plurality of beam spots are arranged linearly 
at a prescribed angle in relation to the radial direc- 
tion of the writing media and also the intervals 
therebetween vary. 

40 That is to say. the multibeam optical head 40 is 

provided with an image forming optical system 41, 
which is composed mainly of the component parts 
of the optical writing and reading system except for 
the optical disk 8. in addition to the laser diode 2. 

45 and this optical head 40. as shown in Ftg. 2, is so 
constructed as to be capable of moving along the 
line in the radial direction A of the optical disk 8 by 
the action of the driving means not shown in the 
Figure. 

50 Now, a plurality of laser beams LBi through 

LB; emitted from the laser diode 2 mentioned 
above are converged with the object lens 7 through 
the collimator lens 3. the anamorphic prism 4. the 
polarizing beam splitter 5, and the one-quarter 

55 wavelength plate 6. as shown in Fig. 2. and di- 
rected in the form of a plurality of beam spots BSi 
through BS7 onto the optical disk 8 to form images 
thereon in a straight line with an angle e in relation 
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to the radial direction A of the optical disk 8. as 
shown in Fig. 9. 

Furthermore, the plural number of beam spots 
BSi through BS? irradiated in a straight line onto 
the optical disk 8 mentioned above are, as shown 
in Fig. 1. are designed to perform their image 
formation with progressive increases of their inter- 
vals (i.e., h < b ... < l«), so that all the beam spots 
will be positioned on the tracks 17 and 17 ... on the 
optical disk 8. At this moment, the number of the 
beam spots BSi through BS7 is seven, which is an 
odd number, and, among these beam spots BSi 
through BS7, the middle beam spot BS* is so 
arranged as to move in the direction agreeing with 
the direction of movement of the optical head 40, 
as shown in Fig. 9. 

The intervals of these beam spots LBi through 
LB 7 are set as mentioned in the following part. 
First, as shown in Fig. 10. in case that the middle 
beam spot BS*, among the beam spots BSi 
through BS7 mentioned above, is arranged in such 
a way as to move along the line in the radial 
direction A of the optical disk 8 and also to be 
positioned on the track 17 of the optical disk 8, the 
beam spots are considered with being divided be- 
tween inner side beam spots and outer side beam 
spots with respect to the beam spot BS*. 

First, the condition for the positioning of the 
beam spot BS m , which is in the m-th position on 
the inner side of the middle beam spot BS* men- 
tioned above, on the track 17 m in the m-th position 
on the inner side of the track on which the middle 
beam spot BS* is positioned, is that the coordi- 
nates (x and y) of the beam spot BSm in the m-th 
position on the inner side should satisfy the equa- 
tion for a circle expressive of the track 17 m in the 
m-th position of the inner side as counted from the 
track where the middle beam spot BS* is posi- 
tioned. Thus. 
x 2 + y 2 = Ri 2 (1) 

Where. R, represents the radius of the track 
17 m in the m-th position on the inner side. 

Now, as shown in- Fig. 10, the difference be- 
tween the radius R, of the track 17 m in the m-th 
position on the mr\er side and the X-coordinate of 
the beam spot BSm in the m-th position on the 
inner side is taken as Z while the distance from the 
middle beam spot BS* to the beam spot BS m in 
the m-th position on the inner side is taken as D m . 
and then the equation (1) given above can be 
expressed as indicated in the following: 
(R1 - zf ♦ (D m sin Bf = R, 2 (2) 

Where, Z given above is expressed in the 
following equation as it is evident from Fig. 10. 
Z = D m cos 6 - mp (3) 

Where, p expresses the pitch of the tracks 17 

and 17 When this equation (3) is substituted 

into the equation (2) given above and arranged, the 



following equation is obtained: 
D m 2 • 2D m cos $ (mp + Rj) ♦ (mp) 2 + 2mpR* = 0 
(4) 

Therefore, the distance D m from the middle 
5 beam spot BS* to the beam spot BS m in the m-th 
position on the inner side is given by the following 
equation derived by solving the quadratic equation 
(4) given above: 

D m = cos B (mp ♦ R,) + >/Ri* - {sin [theta] (mp 

w + H t )r (5) 

In the meanwhile, D m , which expresses the 
distance from the middle beam spot BS* men- 
tioned above to the beam spot BS m in the m-th 
position on the outer side of the middle beam spot 

is BS*. is given by the following equation in the same 
manner as described above: 
Dm = - Rj cos $ + cos BY ♦ (mpp + 2R< - 
fmpT (6) 

Therefore, the distance D m from the middle 

20 beam spot BS* to the beam spot BS m in the m-th 
position either on the inner side or the outer side of 
the middle beam spot BS*. with the equation (5) or 
the equation (6) given abbve being used therefor, 
and the intervals h through U of the individual 

25 beam spots BSi through BS7 are obtained from 
this value as shown below. In this regard, the 
radius of curvature Rj is set at 30 mm, the angle e 
is set at 87 degrees, and the pitch p is set at 1 .6 
urn. As the result, the intervals h through I* for the 

30 individual beam spots BSi through BS7 are found 
to be as shown in the following: 
li = 28.8 urn 
b = 29.0 urn 
b = 29.8 urn 

35 I* = 30.4 urn 
Is = 31 .0 urn 
Is = 32.3 urn 

Therefore, in case a plurality of beam spots 
BSi through BS7 are arranged in a straight line 

40 with a slant at the angle $ in relation to the radial 
direction A of the optical disk 8. the intervals U 
through k of the beam spots BSi through BS? can 
be set at the value mentioned above in order to 
position all of the beam spots BSi through BS 7 on 

45 the tracks 17 and 17 ... on the optical disk 8. 

Moreover, the laser diode 2. which emits the 
laser beam LBi through LB7 mentioned above, has 
a plurality of laser diode elements 181 through 187 
arranged at the intervals xi through x*. which re- 

50 fleets consideration given to the image forming 
magnification of the image forming optical system 
41 , as shown in Fig. 1 , so that the beam spots BSi 
through BS7 are formed at the intervals U through 
k mentioned above. 

55 In the construction described hereinabove, the 

multibeam head of the embodiment according to 
this invention performs, for example, the reproduc- 
tion of information in the following manner. That is 
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to say. in order to perform the reproduction of 
information, the laser diode 2 emits a plurality of 
laser beams LBi through LB7. as shown in Fig. 2. 
and these laser beams LBi through LB; are di- 
rected onto the tracks 17 and 17 ... of the optical 
disk via the image forming optical system 41 along 
a straight line set with a slant at the angle $ in 
relation to the radial direction A of the optical disk 
8 for their image formation as the beam spots BSi 
through BS 7 . 

The beam spots BSi through BS7 formed on 
the optical disk 8 mentioned above have their inter- 
vals h through lg increasing gradually, so that all 
the beam spots BSi through BS 7 are positioned on 
the tracks 17 and 17 ... of the optical disk 8. 

Owing to this feature, it is possible in this 
embodiment to position ail the laser beams LBi 
through LB 7 on the tracks 17 and 17 ... of the 
optical disk 8 at the same time and with accuracy 
even when it is attempted to attain a high transfer 
data rate in the reproduction of information from a 
plurality of tracks 17 and 17 of the optical disk 8 at 
the same time by the use of a plurality of the laser 
beams LBi through LB7. 

In this embodiment, there are a plurality of 
laser beams, and it is best to detect the servo 
signal and particularly the tracking error signal for 
performing the tracking servo through the middle 
spot, in view of the fact that the difference in the 
radius of curvature between the tracks 17 and 17 ... 
at the inner circumference and the outer circum- 
ference grows larger as given beams deviate from 
the axis of movement of the optical head, in case 
the number of the beams is an odd number. 

Fig. 1 1 shows another embodiment of this in- 
vention, and a description will now be made of this 
embodiment, with the same reference numbers be- 
ing placed on the same parts as in the above 
described embodiment. In this embodiment, the 
system is set in such a way that the number of the 
laser beams is an even number, and, additionally, 
the spots of the individual laser beams are so 
arranged on the optical disk that the same numbers 
of the spots are positioned on both sides in relation 
to the axis of movement of the optical head. 

In specific terms, the laser diode 2 is provided 
with an even number of pieces of the laser diode 
elements 181 through 18* (six pieces in the Fig- 
ure), as shown in Fig. 12, and the laser beams LB, 
through LB* emitted from the laser diode 2 are 
applied onto the optical disk 8 at the intervals I, 
through l s corresponding to the magnification of the 
image forming optical system 41 to form the beam 
spots BSi through BS*. as shown in Fig. 1 1. In this 
case, the middle position of the two beam spots 
BS3 and BS4 in the middle is set to move in the 
radial direction A of the optical disk 8. 

In this case, the intervals of the individual 



beam spots BSi through BS* are set as shown 
below on the basis of Fig. 13. That is to say. the 
distance D m of the individual beam spots BSi 
through BS* is obtained by finding the crossing 
5 point of the equation for a circle expressing the 
tracks 17 and 17 ... and the equation for a straight 
line expressing the arrangement of the beam spots 
BSi through BSt. 

Accordingly, by the arithmetic operations per- 
10 formed as mentioned above, the distance D m from 
the middle beam spot BS« to the beam spot BS m 
in the m-th position either on the inner side or the 
outer side from the middl .y. beam spot BS* is 
calculated, and the intervals It through fc of the 
T5 individual beam spots BSi through BS« are ob- 
tained from this value as shown below. In this 
regard, the radius of curvature R| is set at 30 mm, 
the angle e is set at 87 degrees, and the pitch p is 
set at 1.6 urn. As the result, the intervals h through 
20 Is of the individual beam spots BSi through BSe 
are given as follows: 
h = 29.5 urn 
I2 = 30.0 urn 
b = 30.0 urn 
25 U = 30.6 urn 
Is = 31 .2 urn 

It is thus possible to position all of the beam 
spots BSi through BS$ on the tracks 17 and 17 ... 
of the optical disk 8. as shown in Fig. 1 1, by setting 
30 the intervals h through l s for the beam spots BSi 
through BSc at the values mentioned above, when 
a plurality of beam spots BSi through BS« are 
arranged in a straight line with a slant at the angle 
e in relation to the radial direction A of the optical 
35 disk 8. 

Moreover, in case the number of the laser 
beams is thus an even number, there is no middle 
beam spot, unlike the case wherein the number of 
the laser beams is an odd number, but the tracking 
40 error signal for the performance of the tracking 
servo can be taken from either one of the two 
middle beams closest to the axis of movement of 
the optical head 40 or from the mean value of 
these. 

45 The construction and working of the other parts 
of the system in this embodiment are the same as 
those of the example of embodiment described 
above, and their description is therefore omitted 
here. 

so This invention consists in the construction and 

working described above, and. since the laser di- 
ode according to this invention is provided with a 
plurality of light emitting elements arranged at 
varying intervals, the laser diode is capable of 

55 irradiating all of the laser beams emitted from the 
plurality of light emitting elements onto the tracks 
on the optical writing media at the same time. 

Moreover, the multibeam optical head accord- 
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ing to this invention is so constructed as to be 
provided with a laser diode in which a plurality of 
independently drivable light emitting elements are 
arranged in a straight line with their intervals varied 
and an image forming optical system which forms s 
images in such a manner that a plurality of beams 
from the laser diode mentioned above are applied 
onto the optical writing media to form images ar- 
ranged linearly at a prescribed angle in relation to 
the radial direction of the optical writing media and ro 
additionally that the intervals of the plural number 
of beam spots are varied. Hence, the multibeam 
optical head according to this invention is capable 
of directing all the plural number of laser beams 
emitted from the laser diode onto the tracks of the ;s 
optical writing media via the image forming optical 
system to form the images at the same time even 
when it is designed to form the images arranged 
linearly at a prescribed angle to the radial direction 
of the optical writing media at the same time by 20 
applying the laser beams. 



Claims 

25 

1. A laser diode comprising a plurality of in- 
dependently drivable light emitting elements set in 
a linear arrangement, wherein said plurality of light 
emitting elements are arranged to vary intervals 
therebetween. 30 

2. A multibeam optical head, comprising: 

a laser diode including a plurality of independently 
drivable light emitting elements set in linear ar- 
rangement at varying intervals; and 
an image forming optical system forming images 35 
on optical writing media with a plurality of beams 
from said laser diode, said images being a plurality 
of beam spots arranged in a line with a prescribed 
angle with respect to the radial direction of said 
optical writing media and intervals between the 40 



s plurality of beam spots being varied. 
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